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-(67). .- An apparatus and method to facilitate -the - in-

situy detection of small leaks in fluid-filled,

capacitive type pressure transducers by re- 2 -5

motely and non-intrusively inducing a brief time ')

varying transient signal, and then analyzing the 651 (3 y

frequency response of the transducer to such —1

excitation in order to detect the presence and [~ — —]

effects of a fluid leak. The adverse effect of this

induced transient signal on the process control -

circuitry is insignificant, while providing for an

accurate and sensitive method for detecting the b

extent of fluid loss in the transducer when @ f85 =
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evaluated according to the present invention.

As a consequence of such transducer evalua- J
tion techniques, frequency responsive charac- '
teristics of such devices may be recorded and e 2

self-correlated over long periods of time. Such
self-correlation provides an accurate, trans-
ducer-specific historical profile which may be
used as a means for detecting malfunction
anomalies in the output of the pressure sensing
transducer device and predicting when the de-
vice will fail due to loss of internal dielectric
fluid.
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Background of the Invention

Nuglear power plants have traditionally been de-
signed for achieving safe and reliable performance
" through the monitoring and analysis of various key op-
erational parameters. Data derived from such moni-
toring components may be used to initiate emergency
procedures, such as high and low pressure water in-
jection into the reactor core in the event of an unex-
pected plant transient, as well as providing for opera-
tional control of feedwater flows, recirculating flows,
containment levels, and like system operating proc-
esses. As such, there is a need for sensing compo-
nents that accurately convey temperature, level, pres-
sure, and flow rates of plant processes so that oper-
ating conditions may be accurately monitored. Where
nuclear safety related components are involved,
sensing component redundancy is generally em-
ployed for back-up and calibration purposes. Safety
related system components or instrumentation used
in nuclear related facilities must be certified to meet
rigorous criteria of nuclear regulatory agencies such
as the Nuclear Regulatory Commission {NRC) to as-
sure long term operational reliability under extreme
conditions. The NRC typically requires an IEEE elec-
trical classification of IE for these nuclear safety relat-
ed components.

One such system monitoring component is a
pressure transducer of a capacitive type. Such devic-
es exhibita change in capacitance relative to the pres-
sure- 2xerted upon the device's pressure sensitive
surface which may then be electronically converted
“into 'a’d.€."Signal. In addition to providing data on op-
erating pressures, process flow rates and liquid levels
are often derived from measured pressure data, as
well. Typical of the capacitive pressure transducers
rated by the NRC and employed in nuclear safety re-
lated applications is the pressure transmitter. How-
ever, such transmitters, containing fluid-filled, pres-
sure sensing, capacitive type pressure transducers
have exhibited a tendency to lose into dielectric fiuid
over a pericd of time through cracks and leaking
seals. Since the capacitive output of such a pressure
transducer is affected by the volume of dielectric fluid
separating capacitive plates within the transducer, the
corresponding d.c. output of such aleaking device will
drift over time in response to a given pressure condi-
tion. Leakage can be tolerated to a degree as long as
the functional integrity of the transducer can be as-
sured. Without a method for accurately predicting
when a given transducer is likely to reach a point of
catastrophic failure, transducers may be premature-
ly.removed as a result of an overabundance of
caution—a "better safe than somry" preventative main-
tenance program. In order to accurately monitor vari-

" ous fluid pressures throughout a nuclear power plant

the fluid filled, capacitive type pressure transducers
are periodically calibrated in order to detect, deter-
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mine and accommodate for the effect of such leakage
upon the integrity of the measured output of such de-
vices.

Capacitive type pressure transducers are typical-
ly used to monitor wide ranging pressures (0-1200
p.s.i.q.) for a wide variéty of plant processes. Trans-
ducers are generally rack mounted on local instru-
ment panels or permanently instailed directly into
process lines within the plant. In the latter case, the
transducers may be considered permanently installed
and would not be removed for examination or testing
because of the difficulty and expense of removing the
often remotely-mounted devices. Access to pemma-
nently installed instrumentation may be difficult if not
impracticable. In a nuclear power plant application,
the pro*lem of access to the devices is compounded
by the presence of contamination since transducers
may be systematically exposed to low levels of radi-
ation or designed to function within a radiation field.
Therefore, a method of remote calibration is prefer-
red.

Over the recent past, various methods of calibra-
tion of such capacitive type transducers have been
undertaken. One such method is toc compare outputs
from similar, redundant capacitive type transducers
employed under similar operating conditions. Outputs
of such redundant devices are then compared and
moss-correlated to detect and evaluate the effect of
any leakage on the output of the monitored transduc-
er. Such cross-cormrelation of calibration data between
redundant sensors may indicate some leaks, but only

_if the functional integrity of at least_one_of the trans-

ducers is assured. Further, unavoidable environmen-
tal process noise signals will often obscure effects of
small leaks in the output signal. Therefore, calibration
alone, in addition to being time consuming, is often ill-
suited for the detection of small leaks.

Another method of calibration of such pressure
sensors includes comparison of the outputs from non-
redundant sensors, given a known source pressure.
However, such data is of limited value since compar-
ison against a standard output is often clouded by the
presence of process noise fluctuations which produce
a noise signal superimposed on a relatively constant
value pressure indication. Even if transducers were
available for removal for bench calibration using noise
free sources of known pressures, such calibration suf-
fers from the additional disadvantages of being labor
intensive, obtrusive, potentially hazardous and requir-
ing substantiai coordination between operations and
maintenance departments.

It is critical to assure that a capacitive type sens-
ing device employed in a nuclear safety related appli-
cation is functioning properly, even.if its suffers from
slow dielectric leakage. this assures that the device
will accurately respond to fast and unexpected plant
transients to which a nuclear power facility may be
subjected. therefore, a means of directly and accu-
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rately assessing the functional integrity of these pres-
sure devices is desirable. Such a means would be
most effective if it were non-intrusive, amenable tare-
mote observation, continuous during normal opera-
tion, and capable of detecting and tracking small leak-
ages even in the presence of process noise signals.

Summary of the Invention

The present invention is addressed to an appara-
tus and method to facilitate the in situ detection of
small leaks in fluid-filled, capacitive type pressure
transducers by remotely and non-intrusively inducing

a brief transient signal, and then analyzing the re-'

sponse to such excitation in order to detect the pres-
ence and effects of a fiuid leak. The adverse effect of
this induced transient signal on the process control
circuitry is insignificant, while providing for an accu-
rate and sensitive method for detecting the extent of
fluid loss in the transducer when evaluated according
to the present invention. As a consequence of such
transducer evaluation techniques, frequency respon-
sive characteristics of such devices may be recorded
and self-correlated over long periods of time. Such
self-correlation can provide an accurate, transduc\er—
specific historical profile which may be used as a
means for detecting malfunction anomalies in the out-
put of the pressure sensing transducer device and
predicting when the device will fail due to loss of in-
ternal dielectric fluid.

The in situ evaluation technique described greatly

_decreases the amount of ime required to conduct per-

DOCIY <EP

formance related measurements on functionally oper-
ative pressure sensing devices. Using the technique
of the present invention, evaluation of pressure trans-
ducers mounted plant-wide may be quickly and re-
motely performed through the use of multiplexing and
autoprocessing methods without requiring disruption
of nommal plant operations. Routine periodic "polling”
of transducer responses to magnetically induced tran-
sients generates a library of transducer-specific out-
put frequency responsive characteristics. Correlation
of such historical characteristics with benchmark fre-
quency characteristics provided by model transduc-
ers with known leakage levels enables plant person-
nel to take a progressively leaking transducer "off line"
prior to its total failure, while optimizing the length of
time a transducer may safely remain in a circuit. This
ability to remove transducer prior to its failure is of par-
ticular value in nuclear safety related applications
where functional integrity of process monitoring in-
strumentation is critical.

Another feature of the invention is to provide an
apparatus for evaluating the performance of a pres-
sure responsive transducer having a surface movable
with pressure induced volume variations of a con-
tained fluid and deriving an output signal in correspon-
dence with the orientation of said surface. The appa-

0512794A2 | >

10

15

20

25

30

35

40

45

50 -

ratus includes a test coil arrangement positioned in
field influencing adjacency with the transducer selec-
tively energizable for generating a magnetic field af-
fecting said surface. An excitation circuit is coupled
with the test coil arrangement and is responsive to a
control input for effecting energization of the test coil
arrangement. A monitoring device is positioned at the
transducer output to detect transducer output signals,
providing a corresponding monitor signal. A controller
is provided for deriving a control input as a predeter-
mined time varying signal, and responsive to the mon-
itor signal to derive a frequency based readout having
a correlative fundamental with the orientation of said
transducer surface.

Anocther feature of the invention is to provide a
me*hod for evaluating the performance of a pressure
responsive transducer having a surface movable with
pressure induced volume variations of a contained
fluid and an output signal varying in correspondence
with the orientation of its surface, comprising the
steps of:

generating a time varying magnetic field from
a location effecting a field induced disturbance of the
surface;

monitoring the output signal for a correspond-
ing time varying signal component;

deriving a predetermined frequency compo-
nent of a detected time varying signal component; '

storing the predetermined frequency compo-
nent,;

comparing the predetermined frequency com-

_ponent.with.a -previously .derived-frequency -compo-

nent to determine the presence of a frequency shift;
and ’

correlating the frequency shift with the orienta-
tion of the surface so as to evaluate the volume of fluid
contained therein.

Another feature of the invention provides in a nu-
clear power generating facility having at least one
pressure responsive transducer immersed in a proc-
ess fluid, the method for evaluating the performance
of the pressure responsive transducer having a sur-
face movable with pressure induced volume varia-
tions of a contained dielectric fluid and deriving an
output signal in correspondence with the orientation
of its surface, comprising the steps of:

generating a time varying magnetic field from
a location effecting a field induced disturbance of the
surface;

monitoring the output signal for a time varying
signal component;

determining a predetermined frequency com-
ponent of a detected time varying signal component;

storing the predetermined frequency compo-
nent;

comparing the predetermined frequency com-
ponent with a previously derived frequency compo-
nent to determine the presence of a frequency shift;
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and
correlating the frequency shift with the orienta-
tion of the surface.

Other features of the invention will, in part, be ob-
vious and will, in part, appear hereinafter. The inven-
tion, accordingly, comprises the apparatus, the meth-
od, the construction, combination of elements, ar-
rangement of parts and the steps which are exempli-
fied in the following detailed disclosure. For a fullerun-
derstanding of the nature and objects of the invention,
reference should be had to the following defiled de-
scription taken in connection with the accompanying
drawings.

Description of the Drawings

Fig. 1is a general elevational view of a boiling wa-
terreactor (BWR) portion of a nuclear power gen-
erating facility showing various environmental
zones;

Fig. 2is a cross sectional view of a capacitive take
pressure transducer portion of a pressure trans-
mitter positioned intermediate field coils of a
Helmholtz test coil arrangement according to the
invention;

Fig. 3is a partial elevational view of an instrumen-
tation rack supporting multiple pressure sensing
transducers and associated plumbing;

Fig. 4 is a cross sectional schematic view of re-
sulting magnetic fields generated by a Helmholtz
coil arrangement according to the invention;

. Fig. 5is a block diagram of the transducer exci-
‘tation and transient response monitoring and
evaluation system according to the invention;
Fig. 6A is a graphic presentation of the current
waveform supplied to the Helmholtz coil arrange-
ment over time according to the invention;

Fig. 6B is a graphic presentation of the waveform
of the resulting magnetic force generated by the
Helmholtz coil arrangement over time according
to the invention;

Fig. 7isa graphic presentation of the transducer
transient signal waveforms superposed upon a
steady transducer d.c. output over time;

Fig. 8 is a histogram of fundamental frequency re-
sponses exhibited by a transducer having two
distinct volumes of interna!l fill-fluid; and

Fig. 9 is a curve showing the ratio of transducer
fundamental frequencies plotted over time ac-
cording to the invention.

Detailed Description of the Invention

Pressure responsive transducers of the capaci-
tive type and of the type under the evaluation proce-
dures addressed herein are encountered throughout
a nuclear power plant. A typical plant may employ
hundreds of capacitive type transducers situated in
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numerous environmental zones within the boiling wa-
ter reactor (BWR) region of the facility. The pressure
transducers may be either rack mounted or installed
directly into various pracess lines, making accessibil-
ity and surveillance difficult and possibly hazardous.
Referring to Fig. 1, a BWR 10 is shown generally
with vinous environmental zones depicted. One sys-
tem operating pressure, typically monitored by a pres-
sure transducer, is the hydraulic pressure associated
with the hydraulic control units, housed in the contain-
ment area of the BWR at 34 and used to control pos-
itioning of fuel rods within fuel core 14. Mounting of
such transducers would be through utilization of a
rack, shown generally in Fig. 3. Further, transducers
may be employed to function as pressure switches in
various dry well zones within the BWR 10, depicted
generally at 16, 18, 20, 22, and 24. Pressure trans-
ducers may also be employed in a nuclear power
plant to monitor such critical operating parameters as
steam pressure as at 12, reactor circulation as at 38,
stand-by liquid control system pressures as at 36,
core spray pressures, leak detection and control sys-
tems, as well as other numerous and varied key sys-
tem operating pressures not specifically disclosed.
Locking to Fig. 2, a pressure responsive capaci-
tive type transducer is represented generally at 52
and is depicted in schematic form. Such a ransducer
52 is typically employed as the pressure sensing ele-
ment of a commercial pressure transmitter (not
shown) such as a Model 1152-T080 Alpha Line™
transmitter, supplied by Rosemount, Inc.

.... The transducer 52 is shown consisting of a.body
58 configured to retain a ceramic insert 60 and an in-
sulator 62. The insert 60 is seen to be positioned with-
in one side of bady 58 and through insulator 62. Insu-
lator 62 is formed having a concavely shaped surface
64 which serves as a base for a thin metalized layer
66. Concavely shaped, metalized surface 66 estab-
lishes a cavity represented at 68. The cavity 68 is en-
closed by a thin, flexible metallic membrane, or dia-
phragm 70. By positioning a non-conductive material
such as a dielectric fluid within the cavity 68, it may be
observed that a capacitor is derived. In this regard,
note that a fill tube 72 is located for fluid filling com-
munication with the cavity 68 from the outward sur-
face of body 58. Thus, by filling the cavity 68 from tube
72 with such a dielectric fluid. a capacitor, as repre-
sented generally at 74, is defined which saves as a
sensing component, the capacitive output of which
will vary with the volumetric variations of the dielectric
fluid within cavity 68 as retained by flexing diaphragm
70. Electrical lead 76, often channeled through fill
tube 72, is provided for electrical communication be-
tween pressure transmitter contro! circuity (not
shown) and capacitor 74 for electronically converting
its capacitance to a d.c. output signal, typically in the
range of 4-20 mADC.

Pressure variations are transmitted to the cavity
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68 from a fluid reservoir 78 located on the opposite
side of body 5§8. Reservoir 78 is seen covered by a
flexible pressure member or diaphragm 80. This dia-
phragm 80 is located within the housing within which
transducer 52 is mounted such that it will react to ex-
ternally applied fluid pressures. Communication be-
tween the diaphragm 80 influenced reservoir 78 and
take cavity 68 of capacitor 74 is by thin, cylindrical
passageways, two of which are revealed at 82 and 84.
Thus, a variation in pressure at the pressure member
80 will be responded to at cavity 68 by a variation in
the location of diaphragm 70 with respect to metalized
surface 66 and a cormresponding volumetric variation
of cavity 68. :

In operation, fluid pressure sources are present-
ed to diaphragm surface 86 through fluid ports in the
transmitter housing (not shown) within which the
transducer 52 is located. This pressure effects a pro-
portional deflection of the diaphragm 80 and a corre-
sponding volumetric displacement of dielectric fiuid
contained in reservoir 78. Displaced fluid from reser-
voir 78 is transmitted via passageways 82 and 84
communicating a conversély proportional volumetric

" variation in the dielectric fluid contained in reservoir

68 which, in tumn, acts upon the flexible diaphragm 70.
The increased spacing between plates of capacitor
74, resulting from the deflection of fiexible diaphragm
70, produces a change in capacitance of capacitor 74
relative to the process pressure applied to pressure
sensing surface 86. Hence, as the capacitance of the
pressure sensing transducer 52 increases, there is a

_corresponding change in the d.c. output signal gener-
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ated by the transmitter control circuity. For applica-
tions requiring a differential pressure output between
two sources, transducer 52 may be configured with
the metalized, pressure sensing diaphragm 70 saving
as a common capacitive plate between two diametri-
cally opposed transducer halves. The derived signal
from such a differential device would be proportional
to the difference of the pressures applied to each half
of the bipartite differential transducer.

Under the stresses associated with nommal plant
operation, cracks in the transducer 52 assembly, such
for example as at 88, and other sources of fluid leak-
age art likely to occur. In practice. the majority of
cracks develop in the vicinity of fill tube 72 through
which the dielectric fluid slowly migrates, causing an
attendant variation in the orientation of diaphragm 70
and a corresponding drift in the capacitive output of
device 52. A significant loss of dielectric fluid causes
the center of isolation diaphragm 80 to contact trans-
ducer body 58 when a sufficient pressure is applied to
the diaphragm 80. At such a point, when the capaci-
tance of transducer 52 is no longer proportional to the
externally applied pressure, the device is considered
to have undergone a catastrophic failure. The predic-
tion that such failure is likely to occur is take available
through the monitoring of an electromagnetic excita-
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tion of capacitor 74.

The frequency response characteristic of a fluid
filled transducer, as at 52, has been detemmined to be
a correlative to the amount of dielectric fluid it con-
tains. Electromagnetic excitation of capacitor 74 has
been discovered to provide an effective approach to
deriving a device’s frequency response characteristic
under normal operating conditions without unduly ef-
fecting its process output signal. In this regard, a con-
trolled magnetic field, responsive to a contral input of
a predetermined frequency, is generated to act upon
the metallic, flexible diaphragm 70 of transducer 52.
The interaction of the magnetic field with the metallic
diaphragm 70 causes a time varying, or a.c., signal
having a determinable frequency to be induced upon
the nomal d.c. output signal of the transducer 52.
Since the derived fundamental frequency, f;, of a
magnetically induced time varying signal from trans-
ducer 52 is proportional and can be correlated to the
volume of the fluid filling device 52, periadic excitation
of the transducer and a determination of a frequency
shift of the frequency component, f;, may be used to
derive the loss of fill-fluid and to predict the point at
which the device is likely to fail. Test coils 54 and 56,
represented in cross-section, are mounted with their
central axis essentially perpendicular to diaphragm
70 located intermediate the coils. This orientation,
commonly referred to as a Heimholtz arrangement, is.
employed to generate a uniform magnetic field over
the relatively large volume of transducer 52, the cen-

““tral axis of which is perpendicular to the metalized dia-

phragm 70. While an alignment of coils.54 and 56 rel-
ative to sensing diaphragm 70 is not critical, a coaxial
orientation will induce a transient signal most efficient-
ly.

Referring to Fig. 3, a method of orienting field
coils 54 and 56 in field influencing adjacency to rack
mounted pressure transmitters, such as at 96, is de-
picted generally at 90. Rack 90 uses structural chan-
nels 92 to secure process instrumentation and asso-
ciated plumbing. In the instrumentation configuration
depicted, redundant pressure transmitters 96 and 96’
are shown adjacently mounted. External fluid pres-
sures are directed to a pressure transducer (not
shown), contained within pressure transmitter 96, via
fluid ports in transmitter housing via pressure line 100.
The source of fluid pressure to transmitter 96 is con-

" trolled by pressure shut-off/bypass valve 102. Visual

representation of pressures applied to pressure trans-
mitter 96 may be provide by analog pressure gauges,
such as represented at 94, interconnected to come-
sponding process pressure line inputs. Associated
signal wiring from pressure transmitter 96 is directed
via electrical conduit 98 to eletrical terminal strip 106
housed within electric junction box 104. A pick-up coil,
as at 154, is inductively coupled ta the signal output
from transmitter 96 for sensing the presence of the ef-
fects of coils 54 and 56 on its output. The output of the
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pick-up coil 154 is directed to terminal strip 106 as
well. Dual field coils 54 and 56, are mounted in a
Helmholtz arrangement astride the pressure transmit-
ter 96, for effecting the evaluation of the capacitive
transducer housed within it. Associated local coil ex-
. Citation control circuitry is shown generally at 108.

Referring now to Fig. 4, a Helmholtz coil arrange-
ment, represented generally at 140, and its attendan.
magnetic fields are shown schematically. Similary
constructed coils 54 and 56, each having a radius r,
are shown mounted coaxially along axis 186, separat-

ed by a distance, d, equal to the common radius, r, of -

coils 54 and 56. A transducer 52, having an intemnal,
magnetically influenceable diaphragm 70, is shown
mounted along the same is 186 and intermediate field
coils 54 and 56. When individually supplied with an
electrical current, field coils 54 and 56 each generate
independent time varying magnetic fields, as depicted
by dashed envelopes aa (191) and bb (194). How-
ever, when the coils 54 and 56 are simultaneously ex-
cited with an identical current, a single, uniform mag-
netic field 190, represented by envelope RR, is gen-
erated. This resulting magnetic field 190 acts perpen-
dicularly upon the surface of the intermediately locat-
ed metalized diaphragm 70, causing a proportional
deflection thereof. The deflection of metalized dia-
phragm 70, forming one plate of the capacitor 74, de-
scribed in conjunction with Fig. 2, generates a detect-
able transducer out signal having a time varying com-
ponent.
‘ooking to Fig. 5, a system for the evaluation of
pressure transducers is shown schematically and in
“block diagrammatic form. In the figure, a central proc-
essing unit (CPU) is shown at 120, to provide, among
other things, electromagnetic excitation of the pres-
sure transducers. Device 120 may be provided as a
dedicated personal computer or as a component part
of alarger host computer, and generates a digital wa-

veform for asserting a timing control input to the cali- -

bration components of the circuit. This digital output
is directed by bus or the take, represented by line 1286,
to a multiplexing function shown at block 128. The dig-
ital timing waveform is then directed from multiplexer
128, for example, by lead 130 to a signal conversion
function, shown by block 132. Generally, installations
will have numerous transducers to test, thus a multi-
plexing function is utilized as at 128. Additionai leads,
such as at array 130, are shown extending from de-
vice 128 to distribute similar timing functions to other
transducer excitation circuits. The noted signal con-
version at block 132 is provided by digital-to-analog
(D/A) converter wherein the digital timing waveform is
converted to its analog equivalent. This analog output
atline 134 is directed to the input of a constant current
supply 136, the output of which, appearing atline 138,
is applied to the windings of field coils, as earlier de-
scribed at 54 and 56, the Helmholtz coil arrangement
now being represented symbalically at 140. A pulsed
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magnetic field generated by Helmhaltz arrangement
140, shown schematically by an arrow 150, acts upon
a proximately located transducer, represented by a
circle with the eardier identifying numeration 52. The
applied static process pressure being monitored by
transducer 52 is represented by inwardly directed ar-
row 100. Transducer 52 derives an output, represent-
ing a real-time local pressure indication, at outputline
152. Output line 152 is directed to remotely-located
process control and safety related monitoring sys-
tems, indicated generally at 155.

Now referring to Fig. 6A, an excitation waveform
is depicted representing the reversing pulsed d.c. cur-
rent supplied to Helmholtz coil arrangement 140, by
constant current supply 136, and shown generally at
196. The predetermined, time varying waveform 196
is seen having a pulse width equal to period 2T and
a pulse repetition interval of period 4T. The result of
directing waveform 196 into Heimholtz arrangement
140 is the generation of a magnetic field by its field
coils 54 and 56.

Referring to Fig. 6B, the resulting time varying
magnetic field is represented over period 8T, by wa-
veform 200. Slight recurring distortion, visible at the
leading edges of waveform 200, generally shown by
period T at 202, is a function of the inductive and re-
sistive properties the windings of coils 54 and 56. In
designing the duration of period T, such electrical
properties of excitation field coils 54 and 56 in Helm-
holtz arrangement 140 are the primary design consid-

_erations. Period T is optimized when pulse period 2T

_provides sufficient time for an _induced a.c. transient
signal, presentin the transducer derived output at line
152, to be essentially damped priorto a change in po-
larity from the constant current supply 136.

Referring to Fig. 7, three time varying imonitor sig-
nals, representing transducer responses to externally
applied forces, are presented. The nomal fluid pres-
sure responsive signal appearing at transducer out-
put 152 is depicted in solid line fashion as waveform
210. The essentially d.c. waveform 210 exhibits no
fluctuations over period 2T since the fluid pressure it
represents is relatively constant. The effect of an a.c.
transient signal, such as that induced by Helmholtz
coil arrangement 140, is represented in the figure by
the a.c. waveform shown in solid line fashion at 206.
Waveform 206 is shown to have a frequency charac-
teristic and an amplitude which is significantly damp-
ened over period 2T. A second waveform, shown in
dashed line fashion at 208, is seen to exhibit a higher
frequency characteristic and represents the frequen-
Cy response of transducer 52 after an ascertainable
loss of into dielectric fluid. The amplitude and frequen-
cy characteristics of a.c. transient signal 206 cause it
to be effectively attenuated prior to reaching the proc-
ess control and safety monitoring equipment 155 by
the resistive and capacitive characteristics of inter-
mediate cabling (not shown).
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Referring once again to Fig. 5, the remainder of
the diagram discloses a time varying, or a.c., signal
monitoring and processing circuit. An inductively cou-
pled pick-up coil 154, proximately located to transduc-
er 52, detects the presence of a.c. signals attransduc-
er output at line 152 and provides a corresponding
monitor signal. The output at line 152 typically will
contain induced a.c. transient 206 as wei as other,
spurious a.c. process signal noises in addition to it pri-
mary process pressure responsive d.c. component.
Once sensed by pick-up cail 154, the a.c. component
of transducer output 152 is output via line 156 to the
input of an amplifier 158. This first amplifier 158 func-
tions as an isolator to assure that signal noise and/or
anomalies that may be generated by the CPU 120
controlled transducer excitation circuitry are not re-
verse-coupled into transducer output 152. Thus iso-
lated, the output of amplifier 158 is coupled to a sec-
ond amplifier, represented at 162, by line 160. Ampli-
fier 162 functions to increase the signal gain of the
time varying component of the monitor signal. This
amplified signal, which corresponds to the signal rep-
-resented by waveform 206 in Fig. 7, is directed to high
pass filter 166 via line 164. Filter 166 serves to remove
a.c. signal components below a predetermined fre-
quency, which includes residual process noise, while
permitting higher frequency transient signal 206 to
pass. The thus-filtered signal, now present at take
168, is directed to analog-to-digital (A/D) converter
170. A/D converter 170 transforms the now amplied
and filtered transient signal into its corresponding dig-
ital equivalent. Once converted, the now digitized

transient signal is directed via line 172 to a waveform
averaging, or digital filtering, function represented at
block 173. Waveform averaging function 173 derives
an average time varying, a.c., signal component
which serves to reduce orremove spurious or coupled
take noises from the transient signal 206 prior to de-

" termination of its fundamental frequency. Improved
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signal-to-naise linearity is thereby achieved, enhanc-
ing the resuits of subsequent determination of funda-
mental frequency, f,.

The averaged digital waveform is directed via line
174 to a predetermined inbut channel of a signal mul-
tiplexer, represented in Fig. 5 by block 175. In com-
plement with the multiple channel transducer excita-
tion approach, -described in conjunction with multi-
plexer 128 and array 130’, the corresponding return
transient signal information is represented by array
174'. Multiplexer 175 combines multiple data chan-
nels containing return transient signal information into
asingle data channel and directs it to CPU 120 via line
176. CPU 120 stores return signal information in buf-
fered memory, at addresses corresponding to the re-
spective instrumented transducers, pending later
processing. Upon demand, signals are transferred
into the working memory of CPU 120 where they are
directed to frequency processing module 184 via bus
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182 for determination of their respective predeter-
mined frequency components, such as their funda-
mental frequencies. The determination of 2 complex
signal’s fundamental frequency may be accomplished
mathematically by Fourier analysis which breaks a
complex waveform into a series of simple harmonic
functions. This frequency analysis may be either per-
formed by an algorithm resident in CPU 120 or as sep-
arate frequency processing hardware available, for
example, as a Model 9410 Oscilloscope marketed by
Le Croy. Once determined, the resulting predeter-
mined frequency component of a given transducer, as
at 52, is stored at an identifiable address by CPU 120
for later retrieval, correlation and analysis. CPU 120
communicates with a display represented at 180 via
a communications link represented by line 178. Dis-
play 180 may be provided as a type of visual display
unit (VDU) and/or a printing device.

The value of the fundamental frequency, fry, of a
damped oscillation, as described in conjunction with
the signal represented by waveform 206 in Fig. 7, in-
duced upon the metalized sensing diaphragm (mem-
brane) 70, can be shown atialytically by the following
formula:

d 5 3 2,6 uz.
L= — LE. 1-% Hz
4D p 4gpEd*‘R*
where:

" d = thickness of central membrane (inches)
E = membrane modulus for stainless steel (psi)
D = diameter of the central membrane (inches)
g = acceleration of gravity (inches/sec.?)
p = effective density (Ibfinches?)
Mo = kinematic viscosity of fill-fluid (Ib~sec-
onds/inch?) :
R = equivalent radius of ceramic bore holes (in-
ches).
The modulus, E, of a metalized membrane, such
as sensing diaphragm 70, is given by the formula:
- E,
Fra-
where € is Poisson’s ratio and E; is Young’s modulus
for steel. For a detailed discussion of the determina-
tion of the modulus of a given material membrane, re-
fer, for example to Timoshenko. Applied Elasticity.
Westinghouse Technical Night Schoo! Press, 1925.
The effective density, p, is given by the formula:

p.h
= 14+ =
P P.( p,d)
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what p; and p, are the densities of steel and dielectric
fluid, respectively, and h is the mean height of the col-
umn of fluid above the center of the sensing mem-
brane 70. The second tenm contains the mass of fluid .
which changes as the dielectric fluid leaks from the
transducer 52, thereby reducing A slowly over time.

The formula for determining the fundamental fre-
quency, f;, demonstrates that, to a good approxima-
tion, for small damping, f, varies according to the fol-
lowing formula;

f, =~ pi2

or, from the formula for effective density:

-1/2
f =1+ M
‘ p.d

As can be seen from the foregoing formulae, an
upward frequency shift over a period of time is a
strong correlative of dielectric fluid leakage. Tests
have shown that measurable frequency shifts as low
as a few Hertz can easily be detected, demonstrating
a sensitivity of approximately one part in ten thou-
sand. Therefore, aleaf corresponding to a frequency
shift of several Hz would represent a loss of as littde
as 0.1 cm3, i.e., a very small leak. The determination
and tracking the frequency shift in a transducer’s in-
duced, take varying output overtime is a sensitive and
accurate measure of its fluid inventory and, conse-
quently, a valuable predictor of i3 functional integrity.

Referring again to Fig. 7, the general behavior of
the induced a.c."signal 6f & kniown "good" transducer
is shown by the waveform 2086, without regard to po-
larity. Since higher order harmonics are generally not
excited by a uniform magnetic force, such as provided
by the Helmholtz coil arrangement 140; the a.c. signal
waveform 206 is depicted as being dominated by its
fundamental frequency. This simplifies the detemmina-
tion of the value for the fundamental frequency. As
demonstrated in the preceding formulae, the frequen-
Cy response of the metalized sensing diaphragm 70
within the transducer 52 increases with the loss of its
internal dielectric fluid Such a shift in frequency re-
sponse over time 2T is depicted by take dashed wa-
veform 208 in Fig. 7. By comparing measured fre-
quency component, f,, values of a transducer under
testto previously derived benchmark values from sim-
ilar transducers at predetermined stages of fluid loss,
an evaluation can be made when that transducer is
likely to suffer a catastrophic failure due to a substan-
tial loss of fluid. This enables the functional life of a
transducer to be maximized by preventing premature
removal of the device attributable to unduly conserva-
tive safety margins.

The reliability of the disclosed in situ evaluation of
capacitive type transducers is further enhanced by
the ability of CPU 120 to automatically collect and
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store derived fundamental frequencies from numer-
ous transducers of interest. Looking to Fig. 8, repeat-
ed calculations of frequency f, over many cycles of
period 2T for a given transducer, enable construction
of histograms such as 214 and 216. Histogram 214,
derived from a standard or a "good” transducer, is
seen to have a sharper, lower frequency characteris-
tic when compared to histogram 216. However, loss
of dielectric fluid from a leaking transducer produces
a histogram having a higher frequency characteristic
and a broader bandwidth, such as depicted as curve
216 having center frequency, f,". The difference be-
tween center frequencies f, and f,’ (5f,) at 218 is indi-
cative of a corresponding loss of fluid within the trans-
ducer between the time histogram 214, having center
frequency f;, was originally detenr:ned and when his-
togram 216, having center frequency f,’, was subse-
quently determined. Calculated leak rates may be
graphically presented to an operator by display 180.

Referring to Fig. 9, the curve identified at 222 de-
picts a plot of the ratio of the fundamental frequency
of a given transducer calculated at time (f;y) com-

_ pared to its original fundamental frequency (fy;g) de-

termined at time t,, constructed over time. Data points
along plot 222 consist of the average of a range cal-
culated ratio values, represented by vertical error
lines extending in the y axis direction from each plot
point Plot 222 discloses a transducer having a funda-
mental frequency response ratio equai to unity from
time t, until time t;. During this time period, plot 222
displays a curve with no siope. A plot having a slope
equal to zero implies no increase in the leak rate be-

‘tween time t, and time t,. Assuming that the transduc-

er under test was not leaking when installed, a slope

-equal to zero represents that it is still not leaking. An

examination of the plot 222 between time t; and time
t> discloses a marked increase in the slope, repre-
senting a proportional and steady rate of fluid leak-
age. The further incremental failure of the transducer,
is manifested by the increase slope of curve 222 be-
ginning at time t,, where a second, distinct rate of fluid
loss is indicated. In a preferred embodiment of the in-
vention, actual calculated frequency response ratios,
such as represented by plot 222 are compared
against predetermined benchmark ratios derived from
sample transducers at various controlled fluid loss
levels. Using this technique, CPU 120 calculates the
quantity of fluid lost and provides a performance cor-
relative visual indication when a given transducer is
likely to suffer a catastrophic failure due to loss of di-
electric fluid at the last rate of leakage. Switching or
sequentially displaying plot 222 on the display device
180 enables the functional integrity of a given or any
number of sampled instrumented transducers to be
constantly monitored. A faulty transducer is replaced
or by-passed when its functional integrity is outweigh-
ed by the inherent risks associated with a probable im-
pending failure. Alternately, CPU 120 may provide au-
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dio and/or visual indicia to an operator annunciator
panel at such time an instrumented transducer has
lost a predetermined amount of fluid and has caused
its functional integrity to become suspect.

Since certain changes may be made in the above
described method and system without departing from
the scope of the invention herein involved, itis intend-
ed that all matter contained in the above description
or shown in the accompanying drawings shait be in-
terpreted as illustrative and not in a limiting sense.

Claims

1. Apparatus for evaluating the performance of a
pressure responsive fransducer having a surface
movable with pressure induced volume variations
of a contained fluid and deriving an output signal
in correspondence with the orientation of said
surface, comprising:

test coil means positioned in feld influenc-
ing adjacency with said transducer selectively en-
ergizable for generating a magnetic field affecting
said surface;

excitation means coupled with said test
coil means and responsive to a control input for
effecting said energization of said test coil means;

monitoring means responsive to said
transducer output signal for providing a monitor
signal in correspondence therewith; and

control nicans for deriving said control in-
put as a predetemnned time varylng signal, and
responsive to said monitor s:gnal to derive a fre-
quency based readout having a fundamental cor-
relatable with said orientation of said transducer
surface.

2. The apparatus of claim 1 in which said test coil

means includes a pair of air core inductors.

3. The apparatus of claim 2 in which said air core in-

ductors are configured in the manner of Helm-
holtz coils.

4. The apparatus of claim 1 in which said control

means includes converter means responsive to
said monitor signal to derive a digitized frequency
signal.

5. The apparatus of claim 4 in which said control

means includes frequency processing means re-
sponsive to said digitized frequency signal for de-
riving said fundamental frequency.

6. The apparatus of claim 5 in which said frequency

processing means includes frequency averaging
means for deriving an averaged fundamental fre-
quency from multiple said monitor signals derived
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from said transducer.

The apparatus of claim 6 in which said control
means includes data correlation means respon-
sive to said time derived averaged fundamental
frequencies for identifying a shift in said averaged
fundamental frequency.

The apparatus of claim 1 in which said control
means includes digital filtering means responsive
to said digitized frequency signal for deriving an
average time varying signal prior to deriving said
fundamental frequency.

The apparatus of claim 1 in which said controt
means includes cutput multiplexing means for .
generating a sequence of said contro! inputs to,
in turn, energize successive ones of a plurality of
said transducers.

The apparatus of claim 1 in which said control
means includes input multiplexing means respon-
sive to said monitor signals received from a pre-
determined sequence of said monitoring means
for successively evaluating the performance of
more than one said transducer.

The apparatus of claim 10 in which said data cor-
relation means includes comparison means for
determining when said transducer frequency re-

‘sponse exhibits a shift in fundamental frequency

of a predetermined value and providing.a trend
identifying output in response thereto.

The method for evaluating the performance of a
pressure responsive transducer having a surface
movable with pressure induced volume variations
of a contained fluid and an output signal varying
in correspondence with the orientation of said
surface, comprising the steps of:

generating a time varving magnetic field
from a location effecting a field induced distur-
bance of said surface;

monitoring said output signal for a come-
sponding time varying signal component;

deriving a predetermined frequency com-
ponent of a detected said time varying signal
component;

storing said predetermined frequency
component;

comparing said predetermined frequency
component with apreviously derived said fre-
quency component to determine the presence of
a frequency shift; and

-correlating said frequency shift with said
orientation of said surface so as to evaluate the
volume of said contained fluid.
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14.
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16.

17.

18.

19.
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The method of claim 12 wherein the step of de-
riving a predetermined frequency component of a
selected said time varying signal component in-
cludes averaging multiple ones of successive
said derived predetermined frequency compo-
nents.

The method of claim 12 wherein the step of de-
riving a predetermined frequency component of a
selected said time varying signal component in-
cludes the step of converting said time varying
signal component to a digitized frequency signal
component.

The method of claim 12 wherein the step of de-
riving a predetermined frequency component of a
selected said time varying signal component in-
cludes the step of averaging a sequence of said
detected time varying signal components to de-
rive a filtered time varying signal component.

The method of claim 12 wherein the step of com-
paring said predetermined frequency component
with a previously derived said frequdency compo-
nent to determine the presence of a frequency
shiftincludes the step of providing a performance
cormrelative output upon determination of a prede-
termined frequency shift.

The method of claim 16 further including the step
of removing said transducer under evaluation
from service when said performance correlative

" output is present.

The method of claim 12 wherein said step of de-
termining a predetemined frequency component
of a detected said time varying signal component
derives a fundamental frequency.

In a nuclear power generating facility having at
least one pressure responsive transducer im-
mersed in a process fluid, the method for evalu-
ating the performance of said pressure respon-
sive transducer having a surface movable with
pressure induced volume variations of a con-
tained dielectric fluid and deriving an output sig-
natlin correspondence with the orientation of said
surface. comprising the steps of:

generating a time varying magnetic field
from a location effecting a field induced distur-
bance of said surface; '

monitoring said output signal for a time
varying signal component;

determining a predetermined frequency
component of a detected said time varying signal
component;

storing said predetermined frequency
component; .
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comparing said predetermined frequency
component with a previously derived said fre-
quency component to determine the presence of
a frequency shift; and

correlating said frequency shift with said
orientation of said surface. ;

The method of claim 19 wherein said time varying
magnetic field is generated by test coils im-
mersed in said process fluid and mounted in in-
fluencing adjacency with said transducer.
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